AbsTrACT background/aims To evaluate the efficacy of antivascular endothelial growth factor (anti-VEGF) agents pretreatment before vitrectomy for patients with complicated proliferative diabetic retinopathy (PDR). Methods The PubMed, Embase and the Cochrane Central Register of Controlled Trials were searched up to June 2017 to identify related studies. The Peferred Reporting Items for Systematic Reviews and MetaAnalysis guidelines were followed. The StataSE V.12.0 software was used to analyse the relevant data. The weighted mean difference, relative risk and their 95% CIs were used to assess the strength of the association.
InTroduCTIon
Despite all the important progress in the understanding and management of diabetes over the recent years, diabetic retinopathy (DR) remains one of the leading causes of legally blind in the working-age population worldwide. 1 The prevalence of DR in diabetic patients was reported as high as 54% after 10-19 years of evolution. 2 Proliferative diabetic retinopathy (PDR) is the severest stage of DR, the formation of retinal neovascularisation (RNV) in the vitreous-retinal interface usually lead to serum leakage, haemorrhage and fibrovascular proliferation. All these will further induce macular oedema, vitreous haemorrhage (VH) and even tractional retinal detachment (TRD), these complications may severely damage patient's visual function and need surgical intervention.
Pars plana vitrectomy (PPV) is widely regarded as the milestone for the management for severe complications of PDR like TRD and non-resolving VH. 3 4 However, serious events including intraocular haemorrhage during surgery may prevent the successful conclusions of diabetic vitrectomy. Despite many manoeuvres such as elevating infusion bottle and endodiathermy are always employed, repeated bleeding from multiple retinal sites may make the operation lengthy and tedious. Additionally, excessive endodiathermy may induce necrosis and shrinkage of the retina, thus aggravating the postoperative inflammation. The oedema of corneal epithelium, which always happens after prolonged elevation of intraocular pressure, may also hamper clear surgical visualisation. If bleeding is not controlled properly, the removal of clotted blood, the delamination and segmentation of epiretinal membrane may not only extend a pre-existing retinal break but also create new iatrogenic retinal damage, which increase the risk of secondary operation for recurrent intravitreal haemorrhage and retinal detachment. 5 Therefore, any method that can induce the regression of RNV and decrease the intraoperative bleeding may facilitate a much easier vitreoretinal surgery.
Angiogenesis is the fundamental mechanism of PDR. 6 Studies have recently confirmed that vascular endothelial growth factor (VEGF) is the pivotal driver of the increase of vascular permeability that results in diabetic macular oedema, of the neovascularisation that can lead to VH and TRD. 7 8 Current clinical studies suggested that the regression of RNV could be induced by the inhibition of VEGF receptors. Therefore, easier diabetic PPV and fibrovascular membrane dissection could be achieved with less risk of intraoperative bleeding. To minimise the surgical complications and maximise the surgical outcomes, intravitreal injection of anti-VEGF agents before diabetic PPV has been widely regarded as a necessary adjunctive therapy. [9] [10] [11] However, some controversies still exist. Some authors reported that the use of anti-VEGF agents would result in easier diabetic PPV, less Clinical science surgical complications, improved postoperative best-corrected visual acuity (BCVA), less postoperative VH and secondary surgery. 5 11-15 While other authors insisted that anti-VEGF agents have no significant effect on facilitation of the surgery or the postoperative course. [16] [17] [18] Besides, the sample sizes of previous studies were relatively small and may not detect the difference as statistically significant.
Several previous meta-analyses [11] [12] [13] were performed to evaluate the intravitreal injection of anti-VEGF agents before vitrectomy and concluded that preoperative use of anti-VEGF agents in patients with complicated PDR could facilitate the surgery and minimise the iatrogenic damage. Although they were scientific and rigorous studies, some limitations still exist: (1) they only included studies before 2014, the data from recent randomised controlled trials (RCTs) were not pooled; and (2) other key indices such as postoperative BCVA, postoperative VH, the incidence of recurrent retinal detachment and secondary surgery were not considered. Hence, we performed this meta-analysis, which includes all the available data and considers all the pivotal indices to re-evaluate the efficacy of intravitreal injection of anti-VEGF agents before vitrectomy for complicated PDR in order to provide a reference for the decision-making of ophthalmologists.
MeThods
This meta-analysis was performed strictly according to the guidelines, the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement. 
Inclusion criteria and exclusion criteria
Inclusion criteria were (1) participants: human with complicated PDR like TRD or non-resolving VH requiring surgical intervention; (2) intervention: diabetic PPV; (3) comparison: with or without intravitreal injection of anti-VEGF agents before surgery; (4) outcomes: at least one of the followings: BCVA (log MAR scale); intraoperative parameters like duration of surgery, endodiathermy application, number of iatrogenic retinal breaks, bleeding score, surgical difficulty score, relaxing retinotomy and silicone oil tamponade; postoperative parameters like postoperative VH, rate of recurrent retinal detachment and secondary surgery; levels of VEGF; and (5) methodological criterion: RCTs.
Exclusion criteria were (1) patients with other intraocular diseases that may affect the vitreoretinal surgery, such as uveitis, proliferative vitreoretinopathy, retinal vascular disorders, congenital vitreoretinopathies and traumatic retinal detachment; (2) other differences between case group and control group beside the preoperative injection of anti-VEGF agents; (3) insufficient data to estimate a relative risk (RR) or weighted mean difference (WMD); (4) animal studies or cadaver subjects; and (5) redundant publications.
data extraction and assessment of methodological quality
After consecutive procedures of screening titles and abstracts, obtaining the full text of each article and reviewing them, articles that met the eligibility criteria and fail the exclusion criteria were included. Two authors (X-yZ and SX) extracted and collated the following data independently using a standardised data collection protocol: first author, publication year, design, group size, patient age, gender ratio, details of anti-VEGF agent injection, details of the surgical procedure, intraoperative and postoperative evaluating parameters and follow-up periods. For updated publications with the same cohort of patients of the previous study, the data were extracted synthetically. The corresponding authors of the included articles would be contacted if the essential data were unavailable. Using 12-item scale, 20 the methodological quality of each included studies was assessed by two researchers independently: a trial with a score of ≥7 was considered high quality, >4 but no more than 7 was considered moderate quality, and no more than 4 was considered low quality. Disagreements were evaluated by kappa text, and agreement was achieved by a discussion with the corresponding author (Y-xC).
statistical methods
Statistical analyses were performed using StataSE V.12.0 software. RR and its 95% CI were calculated for dichotomous data, WMD and its 95% CI were counted for continuous data. χ 2 test and I 2 were used to assess the statistical heterogeneity. Fixed-effect model would be used if heterogeneity was insignificant (P>0.1, I 2 <50%). If heterogeneity was substantial (P<0.1, I
2 >50%), both sensitivity analysis and subgroup analyses (publication year >2010, different anti-VEGF agent) were conducted to identify the source of the heterogeneity. If the heterogeneity could not be eliminated, a random-effect model would be used when the result of meta-analysis had clinical homogeneity, or a descriptive analysis would be used.
Begg's funnel plot and the Egger's linear regression test were used to evaluate the publication bias. 21 P<0.05 was considered to indicate statistical significance.
resulTs study characteristics
The search yielded 145 potentially relevant articles for the meta-analysis. Among them, 100 duplicates were removed by Endnote software. On review of titles and abstracts of the 45 remaining articles, the full text of 26 articles was retrieved. Among them, another 12 studies were excluded because of unrelated data. Finally, 14 studies were selected for this meta-analysis. 4 5 14-18 22-28 The cumulative sample size of 613 diabetic vitrectomies for complicated PDR comprised 289 with preoperative anti-VEGF agent injection and 324 without it. The demographic characteristics of the two groups were similar in each study. The main characteristics of the included studies are presented in table 1, and the literature-exclusion procedures are described in figure 1 . The methodological quality of the included studies was assessed with the 12-item scale (table 2) , the average score for the quality of included studies was 9.71, 
Ahn et al A trial with a score of ≥7 was considered high quality, >4 but no more than 7 was considered moderate quality, and no more than 4 was considered low quality. Y, yes; n, no. all of them were of high quality. Excellent inter-rater agreement was achieved between the investigators regarding eligibility (κ=0.76).
best-corrected visual acuity
Together, nine studies 4 14 15 17 18 24-26 28 included 223 patients in the anti-VEGF pretreatment group and 190 patients in the control group described preoperative and postoperative BCVA in the final follow-up. The pooling results by random-effect model (P<0.1, I
2 >50%) showed no statistical difference of preoperative BCVA between the two groups (WMD=−0.069, 95% CI −0.172 to +0.034, P=0.019), while patients in the anti-VEGF group could achieve significantly better postoperative BCVA than those in the control group in the final follow-up (WMD=−0.301, 95% CI −0.438 to −0.164, P=0.001, figure 2 ).
Intraoperative indices
The intraoperative indices are summarised in table 3. The forest plots indicated that the pretreatment of anti-VEGF agents could achieve significantly less intraoperative bleeding, less endodiathermy, less frequency of using silicone oil and relaxing retinotomy (P<0.05).
For the incidence of intraoperative iatrogenic retinal breaks and the duration of surgery, the results of these analyses appeared heterogeneous (P<0.1, I 2 >50%). Sensitivity analysis detected that the study of Comyn et al 16 was the source of heterogeneity. After excluding this study, we found that the heterogeneity could be significantly eliminated (P>0.1, I 2 <50%). Further analysis discovered that the anti-VEGF agent in Comyn's study was ranibizumab while others were conbercept or bevacizumab. Therefore, we made subgroup analyses by this factor and the fixed-effect model was selected. The pooling results manifested that bevacizumab pretreatment could significantly reduce the incidence of intraoperative iatrogenic retinal breaks (P<0.05, figure 3 ), while no significant efficacy in ranibizumab or conbercept group (P>0.05, figure 3 ). For the duration of surgery, the subgroup analyses showed that bevacizumab and conbercept pretreatment could significantly reduce the duration of surgery (P<0.05), while no significant difference in the ranibizumab group (P>0.05).
Clinical science
As the sensitivity analysis failed to support the subgroup factors like publication year and the heterogeneity of relative subgroup analyses were significantly high, these subgroup analyses were regarded as ineffective.
Postoperative indices
The postoperative indices are summed up in table 4. The results of meta-analysis manifested that the anti-VEGF pretreatment could significantly decrease the rate of recurrent RD, the rate of required secondary surgery for recurrent RD and the vitreous clear-up time of recurrent VH (P<0.05).
For the incidence of recurrent VH, the pooling result by fixed-effect model (P=0.274, I 2 =19.7%) manifested that the general incidence of postoperative VH in the case group was significantly lower than the control group (RR=0.389, 95% CI 0.255 to 0.594, P=0.001). When dividing the postoperative VH to early recurrent VH and late recurrent VH (4 weeks as cutting point), the results of meta-analysis by fixed-effect model (P>0.1, I 2 <50%) indicated that preoperative application of anti-VEGF agents could significantly decrease the incidence of early recurrent VH (RR=0.421, 95% CI 0.262 to 0.678, P=0.001, figure 4), while there was no significant difference between case group and control group for late recurrent VH (RR=0.657, 95% CI 0.315 to 1.372, P=0.264).
Publication bias
Using Begg's test (P=0.89, continuity corrected) and Egger's test (P=0.345), publication bias was not found to be significant. 
Figure 4
Comparison of the incidence of early recurrent vitreous haemorrhage between antivascular endothelial growth factor pretreatment group and control group. RR, relative risk.
dIsCussIon
Our study found that the pretreatment of anti-VEGF agents before vitrectomy for complicated PDR might facilitate much easier surgery regarding less intraoperative bleeding, less endodiathermy, shorter duration of surgery, less iatrogenic retinal breaks, lower frequency of using silicone oil and relaxing retinotomy. Additionally, anti-VEGF pretreatment could achieve better postoperative BCVA, less early recurrent VH and quicker absorption of recurrent VH. However, the incidence of late recurrent VH, recurrent RD or related secondary surgery could not be reduced. Preoperatively, some authors expressed their concerns about the formation or aggravation of TRD associated with progressive fibrosis of fibrovascular membrane following the pretreatment of anti-VEGF agents. 17 28-30 The interval between injection and diabetic vitrectomy of the included studies in our meta-analysis varied from 1 to 20 days, only one participant in each group developed new TRD following injection. Besides, Comyn et al 16 used ultrasonography to investigate the impact of anti-VEGF drugs on the extent of TRD prior to surgery, and they found no difference in the progression of TRD between case group and control group. Therefore, based on the current evidence, we suggest that anti-VEGF pretreatment before vitrectomy for complicated PDR is relatively safe and may not induce development or progression of TRD.
Intraoperatively, routine diabetic vitrectomy for complicated PDR has several drawbacks. 15 Many previous studies had investigated the efficacy of anti-VEGF pretreatment on diabetic vitrectomy; however, many intraoperative evaluating indices still had controversies. 5 16 18 The forest plots of intraoperative bleeding, frequency of required relaxing retinotomy and endodiathermy in our meta-analysis indicated that the anti-VEGF pretreatment could significantly benefit the diabetic vitrectomy. Some meta-analyses of these indices appeared heterogeneous, and sensitivity analysis and subgroup analyses failed to eliminate the heterogeneity. However, regardless of the exclusion or inclusion of every study, the results were all the same and had clinical agreement, so we conducted these analyses by random-effect model for the reason that all studies were of high quality.
For the incidence of intraoperative iatrogenic retinal breaks and the duration of surgery, Comyn's study 16 was the source of heterogeneity and the anti-VEGF agent in this study was ranibizumab, while others were conbercept or bevacizumab. Although Comyn's study did not influence the final results of other indices in our meta-analysis, we found that it was always the source of heterogeneity. Until now, only this RCT investigated the ranibizumab pretreatment before vitrectomy for complicated PDR. Therefore, we suggest more RCTs are required to further investigate the efficacy of ranibizumab pretreatment.
Silicone endotamponade is always used in the cases of intraoperative complications like severe bleeding, iatrogenic retina breaks or retinotomy. It supports the retina after reattachment, decreases the chance of postoperative VH, provides the longest term tamponade and has additional benefit of non-critical posturing. 4 17 However, several disadvantages exist, including the certainty of cataract formation and eventual oil removal for visual rehabilitation. The pooling results in our meta-analysis indicated that anti-VEGF pretreatment could significantly reduce the frequency of silicone oil application during vitrectomy for complicated PDR, which partly implied anti-VEGF pretreatment might facilitate easier diabetic vitrectomy and less intraoperative complications.
Postoperatively, recurrent VH after PPV for PDR, which is a major concern for both patients and surgeons, is one of the most common adverse events, with a reported incidence up to 75%. 31 For patient's side, expectations regarding visual improvement are not achieved, and this is vital for monocular patients; for surgeon's side, recurrent VH prevents clear fundus examination, detection of iatrogenic retinal breaks and further laser therapy.
Clinical science
To reduce the incidence of recurrent VH, various medications and surgical techniques have been used, but none of them has been shown to be effective. [32] [33] [34] [35] The source of early and late postoperative recurrent VH was reported to be different, and early recurrent VH was associated with dissection of fibrovascular membranes, recurrent bleeding from initial bleeding site, surgically injured retinal tissue and increased vascular permeability; while recurrent neovascularisation was believed to be the crucial cause in late recurrent VH and postoperative recurrent RD. 5 18 36 37 Our study indicated that anti-VEGF pretreatment might reduce the incidence of early recurrent VH and achieve shorter absorption of recurrent VH, while it has no significant effect on late recurrent VH, recurrent RD or related secondary surgery. These results suggested that anti-VEGF pretreatment could induce the regression of neovascularisation, cessation of haemorrhage from all potential bleeding sources and reintegration of retinal vascular tissue. However, as anti-VEGF agents could only provide complete VEGF blockade for about 4 weeks and almost all the amount of anti-VEGF agents injected preoperatively would be removed during vitrectomy, 4 38 panretinal photocoagulation should be done adequately during and post surgery to prevent recurrent neovascularisation and reduce the incidence of late recurrent VH and postoperative recurrent RD.
Postoperative BCVA is determined by many factors such as preoperative VA, intraoperative side injury and postoperative complications. Our meta-analysis detected significant better postoperative BCVA in the anti-VEGF pretreatment group, while no statistical difference existed in preoperative BCVA, which also suggests that anti-VEGF pretreatment might reduce the intraoperative side injury and postoperative complications.
To our knowledge, this is the first meta-analysis which includes all the available data of high quality and considers all the pivotal indices to re-evaluate the efficacy of intravitreal injection of anti-VEGF agents before vitrectomy for complicated PDR in order to provide a reference for the decision-making of ophthalmologists. However, it has the following limitations: (1) the inconsistent interval between injection and diabetic vitrectomy, which varies from 1 day to 20 days, might potentially influence the results of our study; (2) although we had pooled the data of all the available studies to get the results through the most reliable way, the final sample size was still relatively small, which means more high-quality research should be carried out; and (3) there were insufficient data to compare the efficacy of different anti-VEGF agents.
ConClusIons
Based on the available evidence, pretreatment of anti-VEGF agents before vitrectomy for complicated PDR could facilitate much easier surgery and achieve better postoperative BCVA, less early recurrent VH and quicker absorption of recurrent VH. However, the incidence of late recurrent VH, recurrent RD or related secondary surgery could not be reduced.
Moreover, better-designed studies with larger sample sizes are required to further evaluate the efficacy of different anti-VEGF agents and reach a firmer conclusion.
